To evaluate the prevalence and risk factors of Clonorchis sinensis infection, an epidemiologic survey was performed (3,169 residents; age range: 30-87 years; mean age ‫ס‬ 59; 1,973 women) in three areas with different mortality rates of cholangiocarcinoma. C. sinensis prevalence was 2.1% in Chuncheon, 7.8% in Chungju, and 31.3% in Haman, where cholangiocarcinoma incidence rate was 0.3, 1.8, and 5.5 per 100,000 persons, respectively. Of the four major risk factors for C. sinensis (male sex, alcohol consumption, raw freshwater fish intake, and area of residence), area was the strongest. Efforts to discourage raw freshwater fish intake, treat egg carriers, and protect water sources from C. sinensis contamination should be strengthened in the Republic of Korea.
INTRODUCTION
Clonorchis sinensis, the oriental liver fluke, causes clonorchiasis, which is characterized by hyperplasias and metaplasias in the intrahepatic bile duct epithelium. Clonorchiasis is endemic predominantly in Asian countries, such as China, Taiwan, Vietnam, and the Republic of Korea. 1, 2 Most infected individuals have few symptoms, but some of them suffer from abdominal pain and other symptoms from complications. The complications of chronic clonorchiasis include intrahepatic stones, biliary cirrhosis, pyogenic cholangitis, and cholangiocarcinoma. [3] [4] [5] Indeed, the geographic distribution of cholangiocarcinoma worldwide coincides with the distribution of C. sinensis and Opisthorchis viverrini, another liver fluke of the Opisthorchidae family. [3] [4] [5] In Korea, which has been known as an endemic area of C. sinensis infection, mortality of cholangiocarcinoma accounts for 5.8% of primary liver cancer. The age-standardized mortality rate is 1.2/ 100,000 persons (1.8/100,000 men and 0.8/100,000 women), but the standardized mortality ratio of the disease varies 4-fold within the country, ranging from 50.6% to 218.3% among provinces. 6 Clonorchis sinensis is transmitted through snails to freshwater fish and then to humans and other fish-eating mammals. Humans are infected by eating raw freshwater fish, and therefore it has been prevalent along rivers in Korea for a long time. To elucidate the relationships between the prevalence of and risk factors for parasite infection, we evaluated the presence of C. sinensis eggs in the stool samples and life habits of individuals from three different areas of Korea, each showing different cholangiocarcinoma mortality. 6 
MATERIALS AND METHODS
This study is based on the cross-sectional findings of a cohort study carried out by the Korean National Cancer Center.
The cohort study included men and women Ն 30 years of age who participated in cancer screening surveys and are linked to the Korean Multi-center Cancer Cohort. 7 Three areas, which are located in vicinity of river, are the subject of this report ( Figure 1 ): Chuncheon-si (city) in Gangwon-do (province) (age-standardized mortality rates of cholangiocarcinoma: 0.9/ 100,000 men and 0.5/100,000 women), Chungju-si in Chungcheongbuk-do (rates of 2.2 and 0.6 per 100,000, respectively), and Haman-gun (county) in Gyeongsangnam-do (rates of 4.4 and 1.5 per 100,000, respectively). 6 A total of 3,169 subjects (age range: 30-87; mean age ‫ס‬ 59 years) were recruited between 2000 and 2004, including 659 from Chuncheon, 568 from Chungju, and 1,942 from Haman. Each participant was interviewed by a trained interviewer, and blood and stool samples were collected for laboratory examination.
Informed consent was obtained from all participants, and the study protocol was approved by the National Cancer Center of Korea. The questionnaire included information on education, tobacco smoking, alcohol consumption, history of C. sinensis infection, and raw freshwater fish intake. To determine hepatitis B and C virus infection, enzyme linked immunosorbent assays (ELISA; HBsAg [V2] and HCV [V3], AxSYM System; Abbott, Abbott Park, IL) were used. Samples were tested for seropositivity to hepatitis B surface antigen (HBsAg) and anti-HCV antibodies (anti-HCV). Stool samples were examined by means of the formalin-ether sedimentation method to identify the presence of C. sinensis eggs.
Unconditional multiple logistic regression was used to calculate odds ratios (ORs) and corresponding 95% confidence intervals (CIs) of being C. sinensis egg-positive according to area and various characteristics.
RESULTS
Positivity for C. sinensis eggs was 2.1% in Chuncheon, 7.8% in Chungju, and 31.3% in Haman. C. sinensis infection was found more often in men than women in all areas, but the difference was especially marked in Chungju (OR in men versus women ‫ס‬ 9.4; 95% CI: 4.2-21.0). Positivity declined significantly with age in Chungju and in Haman, but not in Chuncheon. Alcohol consumption was significantly associated with C. sinensis positivity in Haman but not elsewhere ( Table 1) . History of C. sinensis infection was positively associated with the presence of eggs in Chuncheon (OR ‫ס‬ 16.6) but negatively associated in Haman (OR ‫ס‬ 0.6). The OR for C. sinensis associated with raw freshwater fish intake was significantly elevated in Chungju (OR ‫ס‬ 2.9; 95% CI: 1.5-5.7) but not in the other areas. Educational level, tobacco smoking, HbsAg, and anti-HCV positivity were not related to egg positivity of C. sinensis (Table 1) . Table 2 shows ORs of C. sinensis positivity in the entire study population from a multivariate model including gender, alcohol consumption, raw freshwater fish intake, and area of residency. Significantly elevated ORs were found for all four characteristics considered, but the area of residence showed by far the largest influence (OR for Haman versus Chuncheon ‫ס‬ 14.1; 95% CI: 7.9-25.0, Table 2 ).
DISCUSSION
Clonorchis sinensis was defined as a risk factor (carcinogen group 2A) for hepatobiliary cancer by International Agency for Research on Cancer (IARC). 4 However, there are few studies to support this considerable relationship even though prevalence of clonorchiasis in human being is increasing or still prevalent in various parts of endemic area. 1, 8 In this aspect, this study suggests the timely and necessary results for correlation between the endemicity of C. sinensis and the risk of cholangiocarcinoma. The differences in prevalence of C. sinensis infection corresponded with the differences in mortality and incidence of cholangiocarcinoma among subject areas. Basically, the mortality and incidence come from the national mortality data (1999) (2000) (2001) of Korean National Statistical Office and nationwide incidence data (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) from the Ministry of Health and Welfare, respectively, which is based on the Cause of Death Statistics and Korea Central Cancer Registry database. 6, 9 To get subject area specific mortality and incidence, we analyzed the raw data of each database and produced the mortality and incidence rate for cholangiocarcinoma (i.e., C22.1 in the 10th International Classification of Disease) standardized for age with world population. The age-standardized mortality rate of cholangiocarcinoma in Chuncheon, which was a non-endemic area of C. sinensis infection with 2.1% egg positive rate, was 0.2/ 100,000 persons. 6 In that non-endemic area, the carcinoma mortality and the egg positive rate were lower than average in Korea (i.e., age-standardized mortality rate: 1.2/100,000 persons, egg positive rate: 2.9%). 6, 9 However, the mortality of cholangiocarcinoma was 1.1 and 2.6 per 100,000 persons in Chungju and Haman, where the prevalence of C. sinensis infection were at the low and moderate endemic level, respectively. 6, 8 Similar with the mortality, incidence of cholangiocarcinoma also correlated with the prevalence of C. sinensis infection with Haman showing relatively high incidence rate (i.e., age-standardized incidence rate of 5.5/100,000 persons) compared with the other two areas (i.e., age-standardized incidence rate per 100,000 persons: 1.8 for Chungju and 0.3 for Chuncheon). 9 In addition, the proportion of cholangiocarcinoma among incident cases of liver cancer (C22) varied with subject areas (i.e., 13.2% in Haman, 8.9% in Chungju, and 1.4% in Chuncheon). 9 These epidemiologic data support that the increasing risk of mortality and incidence of cholangiocarcinoma in some parts of country is possibly caused by the high endemicity of C. sinensis infection in these areas.
In Korea, after the introduction of chemotherapy for C. sinensis using praziquantel in the 1980s, successful control of clonorchiasis was expected. 5 However, our study shows that C. sinensis infection is still common and endemic in some parts of Korea. Indeed, the nationwide surveys of intestinal parasite infections revealed no decrease in the average prevalence of C. sinensis despite praziquantel medication (i.e., 2.6% in 1981 and 2.9% in 2004). 8 The estimate of infected people nationwide was 1.3 million in 2004, and therefore, clonorchiasis is seriously threatening to human health in Korea, especially in endemic areas. 8 Haman is a rural area located near the Nakdong river, and residents of Haman are mainly farmers and/or fishermen. River or reservoirs in vicinity of Haman have been shown to have a high density of the fish hosts of C. sinensis with fish showing high load of metacercariae and residents of the endemic areas prefer eating raw fish. 10 Approximately 2% of the population is positive for clonorchiasis throughout the country, and even in nonendemic areas, like Chuncheon of this study, and the prevalence is regarded as its infection status caused by eating raw fish when they visit the endemic area. Area of residence was by far the strongest risk factor for C. sinensis in our study. The influence of other personal characteristics or habits was comparatively modest and mainly found in the low-endemic area (i.e., Chungju). This held true for male sex and raw freshwater fish intake, which were substantially more clearly associated with the presence of C. sinensis eggs in stool samples in Chungju than in non-or moderate-endemic areas. Interestingly, in Haman, where the vast majority of the study population reported raw freshwater fish intake and the prevalence of eggs was only 50% higher in men than in women, high alcohol consumption was a better marker of C. sinensis infection than raw freshwater fish intake. Indeed, concurrent consumption of alcohol and raw freshwater fish is frequent in Korea.
No correlation emerged, as expected, between mainly foodborne C. sinensis infection and markers of infection with hepatitis B or C viruses, which are transmitted chiefly from mother to child or through contaminated blood and needles. 11 However, the negative association between history of C. sinensis infection and detection of eggs in Haman was surprising. It is conceivable that previous diagnosis of the parasite led to chemotherapy, possibly resulting in the elimination of the parasite eggs from stool samples. However, exclusion of all individuals with a history of C. sinensis infection did not materially modify any of our findings, including the vast variation by area of residence and the apparent de-cline in the detection of eggs in individuals > 54 years of age. Other studies also reported that C. sinensis infection was more commonly found in middle-aged individuals than in the elderly. 5, 12, 13 This suggests that, in endemic areas of Korea, the prevalence of C. sinensis infection is not declining in subsequent cohorts of adults despite extensive efforts that have been ongoing since the 1970s to discourage the consumption of raw freshwater fish and to identify and treat infected individuals. 12, 14 A limitation of this study is the impossibility to quantify accurately the amount and frequency of raw freshwater fish intake. However, hundreds of parasites can be harbored within a single fish, and most of the live metacercariae introduced into humans have a successful parasitic life. 5 Therefore, any amount of intake of contaminated raw freshwater fish could lead to C. sinensis infection, although not necessarily to severe complications such as chronic and heavy clonorchiasis. The type of population involved (voluntary participants in a cancer screening survey) is unlikely to have distorted our findings, because the study design was the same in the three study areas, and education level seemed unrelated to C. sinensis infection. 7 In conclusion, great efforts are still required for control of C. sinensis in endemic areas of Korea to reduce the incidence clonorchiasis and cholangiocarcinoma. In addition to the elimination of the consumption of raw, undercooked, or fresh pickled fish and prolonged or repeated chemotherapy of infected individuals, the protection of fish ponds and aquaculture systems from contamination with feces from people and animals should be strengthened for prevention of its infection. 15, 16 Furthermore, longitudinal studies to identify the relationship between endemicity of C. sinensis infection and risk of cholangiocarcinoma should be done in the endemic area of Korea.
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